Executive functions, which include an individual's ability to develop a response set, inhibit behaviors, plan, and reason, likely impact other areas of cognitive functioning, such as learning and memory. The present study examined the relationship between executive functioning and a wide array of standardized, clinical verbal and visual learning and memory measures in 212 patients referred for a neuropsychological evaluation. IQ was also included in the analyses. Results of the canonical correlation analyses indicated that the two cognitive domains shared 55-60% of variance, and two canonical variates were present. Although causality cannot be inferred, a clear and robust relationship between executive functioning and memory is evident, and clinicians should consider this overlap when interpreting poor performance among these two domains.
Introduction
Executive functioning has been defined as the "cognitive abilities necessary for goal-directed behavior and adaptation to a range of environmental changes and demands" (Loring, 1999, p. 64) . Given its broad definition, it is not surprising that various components of executive functions, including response set and perseveration, disinhibition, planning, abstraction and reasoning, and initiation and fluency, have been identified (Lezak, 1995; Stern & Prohaska, 1996) . Several neuropsychological measures have been purported to assess this domain by tapping the components of executive functioning (e.g., Wisconsin Card Sorting Test [WCST] may tap response set, Controlled Oral Word Association Test [COWAT] may tap initiation and fluency, Similarities subtest of the Wechsler Adult Intelligence Scale-Revised [WAIS-R] may tap abstraction and reasoning; for a review see Stern and Prohaska) . Typically, however, these measures do not load on the same "executive function" factor in factor analytic studies (Larrabee, 2000) . Impairments in executive functioning have been identified in a number of neurological and psychiatric populations, such as dementia (Duke & Kaszniak, 2000) , closed head injury (Proctor, Wilson, Sanchez, & Wesley, 2000) , schizophrenia (Bryson, Whelan, & Bell, 2001) , attention deficit hyperactivity disorder (Barkley, 1997) , multiple sclerosis (Canellopoulou & Richardson, 1998) , and thalamic infarcts (Van der Werf, Witter, Uylings, & Jolles, 2000) . Although areas of the prefrontal cortex have been linked with these types of impairments (Stuss & Benson, 1986) , a "seat" of executive functioning has not been identified (Loring, 1999) . Indeed, there has been increasing interest and controversy in executive functioning, both clinically and neuroanatomically. Additionally, more emphasis has been placed on examining the impact of executive functioning on other cognitive domains. Recently, several studies have investigated the role that executive functioning exercises on learning and memory (Bryson et al., 2001; Cunningham, Pliskin, Cassisi, Tsang, & Rao, 1997; Fossati, Amar, Raoux, Ergis, & Allilaire, 1999; Proctor et al., 2000; Tremont, Halpert, Javorsky, & Stern, 2000; Vanderploeg, Schinka, & Retzlaff, 1994) .
The association and dissociation of verbal memory impairments and executive dysfunction has been reported in multiple clinical populations. Fossati et al. (1999) noted a positive association between executive dysfunction and verbal memory deficits for patients with schizophrenia, but not in individuals diagnosed with depression. Vanderploeg et al. (1994) investigated the association between verbal memory and executive functioning, and found that some components of executive functioning, such as attention and mental tracking, were related to verbal learning and memory for their mixed neurological sample, but others, such as abstraction, problem solving, and planning, were not. Similarly, Bryson et al. (2001) observed that executive functioning and verbal memory loaded on separate factors in a sample of patients with schizophrenia. In another mixed clinical sample referred for a neuropsychological evaluation, Tremont et al. (2000) reported that patients classified as having significant executive dysfunction also performed poorly on several indices of the California Verbal Learning Test (CVLT), but not on the Logical Memory subtest of the Wechsler Memory Scale-Revised (WMS-R). A similar pattern of relationships has also been reported with more experimentally derived measures of executive functioning and verbal memory (Abrahams et al., 2000; Canellopoulou & Richardson, 1998; Greene, Hodges, & Baddeley, 1995; Proctor et al., 2000) . Although several studies have examined the relationship between executive functioning and verbal memory, the experimental measures used have been of limited benefit to neuropsychological practitioners, and a wider range of clinical measures needs to be investigated. Additionally, some investigations (Vanderploeg et al., 1994) have taken a broader definition of executive functioning, including various measures of attention, whereas most have executive functioning based on measures of problem solving, set shifting, mental flexibility, and abstract reasoning. Finally, many investigations have failed to consider the effect of general intellectual functioning in the relationship between memory and executive functioning.
While several investigations have made comparisons between executive functioning and verbal memory measures, there is limited data on the association between executive dysfunction and poor visual memory. Cunningham et al. (1997) found that individuals who confabulated tended to have poor visual memory and relatively poor executive functioning. Similarly, Canellopoulou and Richardson (1998) noted that executive functioning predicted performance on a route-learning task.
The present study sought to extend the work in this area by investigating the association between executive functioning and standardized measures of verbal and visual learning and memory in a mixed clinical sample. We emphasized the utilization of executive function and memory measures that are frequently used in clinical practice. We hypothesized that patients with more impaired executive functioning would display poorer performances on verbal list learning, but not necessarily on story recall. The impact of executive dysfunction on clinical measures of visual learning and memory has not been established, but it is anticipated that the two functions will be associated. Finally, overall intellectual functioning was included in the analyses as it is likely to be related to both memory and executive functioning (Larrabee, 2000) .
Method
Two hundred and twelve patients referred for a neuropsychological evaluation in a Midwestern medical center were selected as subjects. The participants, ranging in age from 17 to 84 years old, were referred for a variety of suspected neurological and psychiatric conditions, including head injury, dementia, vascular disorders, neoplasms, depression, and pain disorders. Participants were selected if they completed all of the following "executive" measures: COWAT (Benton & Hamsher, 1989) , Similarities subtest of the WAIS-R (Wechsler, 1981) , Trail Making Test Part B (TMT-B; Reitan, 1958) , and WCST (Heaton, 1981) Rey, 1941 Rey, , 1964 , and Rey-Osterrieth Complex Figure Test Rey, 1941) . A WAIS-R Full Scale Intelligence Quotient (FSIQ) was also obtained for each participant. Specific variables from the executive measures were: total words for COWAT, scale score for WAIS-R Similarities, total time for TMT-B, and perseverative responses for WCST. Raw scores were the specific variable for the memory measures. All tests were administered according to their standardized instructions, with the exception of TMT-B, which was discontinued after a maximum of 300 s.
Four separate canonical correlations were calculated to assess the relationship between the executive measures and four different memory composite indices. The memory composite indices were: (1) Verbal Memory (LMI, LMII, VePAI, VePAII, RAVLT6, RAVLT30), (2) Visual Memory (VRI, VRII, ViPAI, ViPAII, ROCFT), (3) Immediate Memory (LMI, VePAI, VRI, ViPAI, RAVLT6), and (4) Delayed Memory (LMII, VePAII, VRII, ViPAII, RAVLT30, ROCFT). FSIQ was included in each canonical correlation with the memory composites. Pearson product correlations were also calculated between the raw scores of the executive and memory measures and WAIS-R FSIQ for the group. To further investigate the relationships of between these constructs, four separate principal components analyses were computed, which were analogous to the four canonical analyses described above. Due to multiple comparisons, the alpha level was set at .01.
Results
Demographic information and descriptive statistics for the executive and memory measures for the group are presented in Table 1 . Pearson product correlations between raw scores of executive and memory measures and FSIQ are presented in Table 2 .
The first canonical correlation comparing executive functioning and the Verbal Memory index was .74 (55% shared variance), Wilks' Λ = .35, χ 2 (28) = 194.5, P < .01. The second canonical correlation in this set was .38 (14% shared variance, Wilks' Λ = .79, χ 2 (18) = Standardized canonical coefficients and structure correlation coefficients for each of these significant canonical variates are presented in Table 3 . As can be seen in the structure coefficients for the Verbal Memory composite, most of the original variables (memory, executive, and IQ) correlate highly with the first canonical variate, indicating strong performance on these three constructs covary. The second variate for this memory composite also indicates that poor performance on some of the executive measures (WCST and TMT-B) is associated with poor performance on several of the verbal memory measures (VePAI, RAVLT6, RAVLT30). Structure coefficients for the Visual Memory composite yield similar results, although FSIQ correlates more so with both variates on this composite.
Comparisons between executive functioning and the Immediate Memory index also yielded two significant canonical correlations (greatest root: R = .77, R 2 = .60, Wilks' Λ = .31, TMT-B) . Finally, the Delayed Memory composite largely mimicked other composites, with an overall finding of all measures covarying, and a secondary finding of two visual memory measures (VRII and ROCFT) covarying with FSIQ and WCST and TMT-B.
Four separate principal component factor analyses with varimax rotation (where appropriate) were performed that mimicked the four canonical correlations described earlier (Verbal Memory, Visual Memory, Immediate Memory, Delayed Memory). As in the canonical corre- (Glorfeld, 1995; Zwick & Velicer, 1986) , two components were extracted following the varimax rotation. The first factor accounted for 52% of the variance. The second factor accounted for 11%. The Visual Memory index yielded unrotated Eigenvalues of 4.88, 1.21, 1.00, and 0.77. Two components, which were supported by the parallel analysis, were also extracted following the varimax rotation. The first factor accounted for 48% of the variance, and the second factor accounted for 12%. Immediate Memory index led to only a single factor, which accounted for 48% of the variance (unrotated Eigenvalues: 4.87, 1.07, 0.98, and 0.61). Similarly, the Delayed Memory index led to a single factor (48% of variance; unrotated Eigenvalues: 5.32, 1.16, 1.13, and 0.66). Loadings for all of these factors are presented in Table 5 .
Discussion
Results of the present study support the strong relationship between executive functioning and memory capacities as measured by standardized neuropsychological tests. Canonical anal-yses indicated that the two cognitive domains shared more than 50% of variance in this mixed clinical sample. The findings were robust, in that the relationship was consistent across both verbal and visual memory measures, and across indices of both immediate and delayed memory. The results also reveal that intellectual functioning is strongly related to both executive functioning and memory.
Across all four memory indices, two distinct patterns emerge from the structure correlation coefficients of the canonical analyses. In the first, individuals who perform well on the executive function tasks also performed well on memory measures, and tended to have higher IQs. This first pattern is the most robust, appearing as the first canonical variate on three of the four analyses, and accounting for 57% of the variance on those analyses. The second pattern drawn from the structure coefficients tends to be a converse of the first. Poorer executive abilities, poorer memory functioning, and lower IQs typify this pattern. Although this pattern was less robust, it was consistent across indices and usually incorporated a smaller subset of executive and memory measures. It should be noted, however, that these two distinct patterns might reflect patterns inherent the sample rather than patterns inherent in the measures/constructs. For example, a review of the scores in Table 1 indicate that, despite being a mixed clinical sample, participants did quite well on some of the measures (e.g., Similarities: 42nd percentile; LMII: 42nd percentile; ROCFT: 26th percentile), and there may have been two subsets of participants, one doing well and one doing poorly, rather than two independent relationships between the constructs.
Similar to previous findings (Bryson et al., 2001; Cunningham et al., 1997; Fossati et al., 1999; Proctor et al., 2000; Tremont et al., 2000; Vanderploeg et al., 1994) , verbal memory and executive functioning appear to have a high degree of overlap. In the present study, they shared 55% of the variance in the first significant canonical variate. Unlike Tremont et al., we did observe that Logical Memory of the WMS-R was associated with executive abilities, but similar to their results, we also noted the relationship between executive functioning and a list-learning task. The present study, however, utilized a different list-learning task and a verbal paired associates task, which further indicates the considerable overlap of these two cognitive domains. Not surprisingly, intelligence, as assessed with the WAIS-R FSIQ, also loaded heavily on this verbal memory composite.
Although there has been limited empirical support for the association between executive dysfunction and visual memory impairments to date (Canellopoulou & Richardson, 1998; Cunningham et al., 1997) , the current results indicate that this relationship is at least as strong as the verbal memory/executive function relationship. The linearly optimized Visual Memory index variables shared 59% of the variance with executive variables in the first of two canonical variates. Variables from both sets had moderate to high structure coefficients, and several variables loaded on both significant canonical variates. These findings support the notion that executive abilities can be tapped with constructional tasks (e.g., Boston Qualitative Scoring System of the ROCFT; Stern et al., 1999; Yaldoo, 1999) .
These findings are generally consistent with existing data that have examined this relationship with both experimental (Abrahams et al., 2000; Canellopoulou & Richardson, 1998; Fossati et al., 1999; Greene et al., 1995) and clinical (Cunningham et al., 1997; Tremont et al., 2000; Van der Werf et al., 2000; Vanderploeg et al., 1994) measures. Although inferences about causality cannot be made with the current methodology, the link between these two domains appears robust, and clinicians are encouraged to consider the statistical covariation when interpreting poor performance on either executive measures or memory measures. An argument for a directional influence of executive abilities affecting performance on memory tasks is intuitively appealing, and if true, lends support to Baddeley's (1986 Baddeley's ( , 1990 ) view of central executive or Moscovitch's (1992) notion of the frontal lobes as a central system that influences the hippocampal memory module. The alternate hypothesis (i.e., memory abilities impact executive functioning) has less theoretical backing at this time.
If executive functions directionally impact memory, its influences on immediate and delayed recall should be apparent. These data provide support for the view that immediate and delayed recall are both strongly related to executive functioning. Similarly, Luria (1966) observed that individuals with lesions to the frontal lobe have flat learning curves, an impaired ability to form new associations, and poor delayed recall, especially after interfering tasks. In their investigations into autobiographical memories, Della Sala, Laiacona, Spinnler, and Trivelli (1993) also suggested that executive functions might impact both the storage and retrieval of personal information. Vanderploeg et al. (1994) also observed that some components of executive functioning were related to both short-term/working memory and long-term memory.
Valuable information about clinical measures commonly used in a neuropsychological evaluation can also be gleaned from the current findings. Past research (Tremont et al., 2000; Vanderploeg et al., 1994) has suggested that only certain memory measures were associated with executive abilities. For example, they surmised that the CVLT, in which semantic organization of information can improve performance, was more closely tied to executive abilities than other memory tasks. The current findings, however, indicate that most verbal and visual memory measures, regardless of their format or content, are related to performance on measures associated with executive functioning. We found that TMT-B, which may reflect the ability to develop and maintain a response set, was more highly related to the memory measures than other executive components (mean r = .48). This association indicates that the aspect of sequencing/working memory share more variance with learning and memory than other executive functions, like abstract reasoning. Finally, it has been suggested that executive function measures do a poor job at tapping their domain and relating to each other. Indeed, the executive measures in the present study shared an average of 15% of variance. Compared with inter-correlations between memory measures, this is low; but it may be a product of the varied abilities attributed to executive functions (e.g., TMT-B and WCST, which are designed to be measures of response set and sequencing, share 27% of their variance).
It is possible that the overlap of memory and executive measures actually reflects a superordinate cognitive function, like intelligence (Larrabee, 2000) . Indeed, the results of the canonical correlations indicate that FSIQ is strongly related to both memory and executive functioning. It is also possible that the present results reflect common methods of assessment, not common cognitive abilities. If either of these hypotheses were true, then all of the measures should "hang together" in the factor analysis. These results, however, were equivocal. When examining only verbal memory measures, two distinct factors emerged: one for executive measures and IQ and another for memory measures. The two factors extracted from the Visual Memory Index are more difficult to interpret. The first factor, which accounted for nearly 50% of the variance, had strong loadings for TMT-B, WCST, FSIQ, VRII, and ViPAI. The two executive measures might have loaded more heavily on this factor due to the visual/spatial components inherent in those tasks. The second factor from this index had strong loadings from COWAT, Similarities, and ROCFT, although several measures had moderate loadings on both factors. The factor analyses for the Immediate Memory and Delayed Memory Indices were limited by the results of the parallel analyses, which recommended that only one factor be extracted from each.
A broader definition of executive functioning, for example, one that included attention measures, might have led to different results; however, the existing well-documented relationship between attention and memory (Cermak, 1995; Craik & Tulving, 1975) seems to clearly delineate the impact of attention on encoding and subsequent retrieval. Future studies should also consider varying definitions of executive dysfunction, including attention components, personality changes, and behavioral ratings of responses in everyday situations. Investigations with patients having biomedically documented frontal lobe injury would also add to the knowledge base of these associations/dissociations.
The established covariation among executive functioning and learning and memory raises important questions. Given the various components that comprise executive functions (e.g., planning, set shifting, concept formation), which of these components impact memory performance, and to what degree? How can these executive function components be assessed, or stated another way, can the executive function components be partialled out of memory test performance and used clinically? And lastly, do executive function components impact memory performance differentially in different clinical samples? By deconstructing assessment instruments, perhaps their utility can be refined.
